ABSTRACT. Owing to their codominant, multiallelic, and highly polymorphic nature, microsatellite markers have been used widely in population genetics and biological resource conservation studies. To investigate the genetic structure of Sepioteuthis lessoniana, we developed 24 microsatellite DNA markers and assessed the polymorphism of each locus in a wild S. lessoniana population. The number of alleles per locus ranged from 4 to 26, and the observed and expected heterozygosities varied from 0.188 to 1.000 and 0.392 to 0.959 with an average of 0.675 and 0.852, respectively. These microsatellite loci will be useful tools in future studies of population genetic structure in this species.
INTRODUCTION
Bigfin reef squid, Sepioteuthis lessoniana (Lesson, 1830) , are marine animals found from the shores from the Hawaiian Islands to the tropical Pacific Ocean and the Red Sea. They are commonly mistaken as cuttlefish, but they are indeed a completely different species. S. lessoniana has been placed within the Sepioteuthis branch in the cephalopod phylogenetic tree based on mitochondrial gene arrangement (Akasaki et al., 2006) . Allozyme electrophoresis (Triantafillos and Adams, 2005) has been used to investigate the taxonomic status of northern calamari, and results indicate that S. lessoniana most likely comprises two ''cryptic'' biological species in Shark Bay, western Australia.
The only previous genetic investigations undertaken on S. lessoniana have demonstrated three taxa in the waters around Japan based on allozyme profiles (Izuka et al., 1994 (Izuka et al., , 1996 . Cryptic or sibling species are those not recognized a priori on morphological grounds and are a relatively common phenomenon among marine invertebrate groups (Knowlton, 1993; Thorpe et al., 2000) . Otherwise cryptic species do exist in loliginid squid in the region (Yeatman and Benzie, 1994) ; therefore, a need has arisen to resolve the species status of S. lessoniana, preferably with molecular genetic techniques.
Owing to their codominant, multiallelic, and highly polymorphic nature, microsatellite markers have been used widely in population genetics and biological resource conservation research. Herein we present the first polymorphic microsatellite markers for S. lessoniana. These markers will be useful in population genetic studies and the conservation of this species.
MATERIAL AND METHODS
One live S. lessoniana was sampled from Lingshui, Hainan Province, China (18.48°N, 110.02°E). Genomic DNA was isolated from mantle muscle and subsequently digested with MboI. DNA fragments were ligated to oligonucleotide adapters (Gardner et al., 1999) . We used electrophoresis on a 2% NuSieve GTG (Cambrex, USA) agarose gel to isolate small fragments (350-1000 bp). Biotin-labeled dinucleotide repeat sequences [(CA) 15 ] were hybridized to these DNA fragments, and the hybrid mixture was incubated with streptavidin-coated magnetic spheres (Promega, USA). After washing to remove the non-simple sequence repeat (SSR) fragments, the eluted single-stranded DNA contained the selected microsatellite DNA. As the primer, adapter A was used to amplify the selected DNA fragments using hot start polymerase chain reaction (PCR).
The amplified DNA fragments were ligated with pMD19-T plasmid vectors (TaKaRa, Japan) and the complexes were transformed into Escherichia coli DH5α competent cells (Toyobo, Japan). White clones were PCR screened with two vector primers and a non-biotin-labeled (CA) 12 primer. Screening amplifications were performed as follows: 94°C for 3 min followed by 35 cycles of 94°C for 45 s, 56°C for 45 s, and 72°C for 45 s, and a final extension of 5 min at 72°C.
We selected 360 clones for amplification, 97 of which were isolated for sequencing using a BigDye Terminator Cycle sequencing kit and an ABI PRISM 3730 Genetic Analyser (Applied Biosystems). Screening by the SSR Hunter 1.3 software (Li and Wan, 2005) showed that 80 sequences contained microsatellites with at least four uninterrupted repeats. With the exception of the biotin-labeled AC SSR probes, TC, AG, AT, AAG, AGT, ACAG, AGAT, ATAG, AAAG, and AGAA occurred in the microsatellites, which suggested that this probe made a positive contribution to the creation of the SSR-enrichment library from the genomes. All PCR primers were designed with PRIMER 5 (http:// www.premierbiosoft.com/). We discarded the hybrid clones, duplicates and those sequences with short unique regions flanking the microsatellite array. In total, 52 PCR primer pairs were designed.
We used polyacrylamide gel electrophoresis to test the primer pairs in 30 S. lessoniana individuals sampled from Lingshui, Hainan Province. PCR amplifications were carried out in 10-μL volumes containing 0.25 U Taq DNA polymerase (TaKaRa), 1X PCR buffer, 0.2 mM deoxyribonucleotide triphosphate mix, 1 μM each primer set, 1.5 mM MgCl 2 , and approximately 100 ng template DNA. The PCR thermal conditions were as follows: 3 min at 94°C, followed by 35 cycles of 45 s at 94°C, 45 s at the annealing temperature listed in Table 1 , and 45 s at 72°C, with a final extension of 5 min at 72°C. As the reference marker, a 10-bp DNA ladder (Invitrogen) was used to identify allele size.
The PCR products were resolved on 6% denaturing polyacrylamide gel using silver staining. The number of alleles and observed and expected heterozygosities were estimated with the Microsatellite Analyser program (Dieringer and Schlötterer, 2003) , and tests for linkage disequilibrium and deviations from Hardy-Weinberg equilibrium were performed using Genepop 4.0 (Rousset, 2008) .
RESULTS AND DISCUSSION
Of the 52 primer pairs developed, 24 microsatellite loci showed obvious polymorphism in the S. lessoniana population (see Table 1 ). The number of alleles at each locus ranged from 4 to 26 with an average of 13.25, and the observed and expected heterozygosities varied from 0.188 to 1.000 and 0.392 to 0.959 with an average of 0.675 and 0.852, respectively. No linkage disequilibrium existed between pairs of loci. Significant departure from HardyWeinberg equilibrium was found at 10 loci (Sle02, Sle06, Sle07, Sle11, Sle15, Sle24, Sle25, Sle31, Sle36, and Sle41). These deviations may have been caused by the presence of null alleles at these loci (Pemberton et al., 1995) . Genetic variability of these loci indicated their practicability as appropriate population genetic markers for the exploration and investigation of population genetic diversity in this species.
